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Inflammation  presents interesting problems to the laboratory investigator as 
well as to the clinician. A sterile abscess has some advantages for experimental 
purposes over the abscess due to bacteria. It can be terminated at will by in- 
cision. Healing is very prompt, yet the fever, leucocytosis, pus formation, and 
other abnormalities  are identical in both types of abscess. 
The abscess in the acute stage (3 to 4 days) produces an increase in urinary 
nitrogen and a  decrease  in new  hemoglobin production in standard anemic 
dogs (10). Also a long continued endometritis in dogs is responsible for a long 
anemic period during which liver and iron-rich  diets do not raise  the hemo- 
globin production (10). Removal of the infected uterus is followed by prompt 
return to the usual abundant hemoglobin production in anemia--this in spite 
of a diet unfavorable for hemoglobin production. This we assume indicates that 
during the weeks of inflammation the dog absorbs  some of the necessary ele- 
ments for hemoglobin  production but  the aggregation  of  these products is 
inhibited by the inflammation. The sterile abscess also reduces the production 
of new plasma protein from dietary sources in depleted dogs (4-6). 
These previously reported experiments  suggest  that protein  production  is 
impaired by the sterile  abscess and infections.  Clinical observations  usually 
stress the catabolic reactions to explain anemia and diminished plasma proteins. 
Carbon-14--labeled lysine enables the investigator to tag the blood and tissue 
proteins and observe  the utilization, production, and disappearance  of these 
several proteins and the related metabolism. In the presence of sterile inflam- 
mation due to turpentine, acceleration  of anabolism and catabolism of plasma 
albumin is illustrated in tables below and the speed of fibrinogen production 
and utilization is indicated. There appears to be a  delicate  balance between 
plasma and tissue proteins which may be influenced by various factors--degree 
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and duration of inflammation, supply of building materials derived from diet or 
tissue stores. 
Methods 
The dogs used in these experiments were healthy female mongrels which had been kept 
under observation for 2 weeks or more. 
Low protein diet containing 0.12  gin. N per cent  (13)  in amounts calculated to supply 
about 100 calories per kilo of body weight was fed daily for periods ranging from 2 to 6 days 
before induction of the first abscess  and subsequently throughout  each experiment. Sterile 
abscesses  were produced by injecting 1 to 2 ml. of turpentine subcutaneously in the scapu- 
lar region on alternate sides. 
Labeled  plasma  proteins  were  obtained  as  previously described,  by  feeding DL-lysine- 
e-C  14 to donor dogs (13). This labeled DL-lysine was synthesized under the direction of Dr. 
R. W.  Helmkamp in the Department  of Organic Chemistry, The University of Rochester 
(9).  v.-lysine-e-C  14 was prepared  from the above racemic mixture by a  modification of the 
method of Kearley and Ingersoll (3). 
Four dogs received intravenous injections of plasma,  the volumes, protein content, and 
C 1~ activity of which are indicated  for each  dog at  the  top  of Tables 4  and  5.  Labeled 
plasma as indicated in Table 6 was fed to two dogs by stomach tube and  two other dogs 
each received a  small amount of E-C~4-DL-lysine or L-lysine by the same route. The labeled 
lysine was added to 5 gin. of the casein digest amigen dissolved in about 50 ml. of  distilled 
water. 
Schedules of blood sampling are shown in the appropriate tables. All methods pertaining 
to chemical and C 14 determinations in plasma, urine, expired air, and tissues have been  pre- 
viously described in detail except those dealing with the preparation  of fibrinogen  (7,  13, 
14).  Fibrinogen nitrogen was measured  by miero-Kjeldahl analysis, while C a  activity  was 
determined on the washed fibrin clot removed from 3  to 5  ml. volumes of plasma  by the 
dropwise addition of commercial beef thrombin. 
Plasma volume was measured by the dye method, using %1824 (2). In those experiments 
in which labeled plasma was given intravenously, the plasma volumes were checked by the 
dilution of the isotope in the initial sample. 
Fecal meterial was suspended  in 20  per cent KOH and  C ~* determinations  were made 
on weighed allquots. 
Four dogs were killed by the intravenous injection of a  few milliliters of chloroform,  1 
was subjected to viviperfuslon, and 3 were not killed. 
Pus was aspirated from the abscesses  through a  16 gauge needle at various time intervals 
prior to incision and  drainage or spontaneous  rupture  on the 4th or 5th day.  In each in- 
stance C ~4 activity was measured in aliquots of whole pus and in 5 experiments the exudate 
was subjected to high speed centrifugation at 20,000  g.  Measured volumes of the cell resi- 
dues and supernatant fluid so obtained as well as of trichloracetic acid precipitates  of super- 
natant fluid were also subjected to C ~4 assay. 
EXPEI~TM-~.NTAL OBSERVATIONS 
The  data  to be presented  are derived from a  study  of 8  dogs given one or 
more  subcutaneous  injections of turpentine.  After the development  of an  ab- 
scess,  C14-1abeled plasma  from  a  donor  dog  was  injected intravenously into  4 
dogs  thus  labelling only  the  recipient's plasma  proteins.  In  the  other  4  dogs 
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of plasma containing Cl'-labeled proteins or E-CI~'DL  - or L-lysine mixed with a 
casein digest (antigen). 
The effects of injecting turpentine under the skin of these dogs were similar 
to those previously observed. There was prompt development of fever, lethargy, 
and anorexia during the first 24 hours with the appearance of swelling on the 
affected side. Within 2  to 3  days a  definite, localized, fluctuant abscess was 
present. About 4 days after induction of the last abscess the condition of the 
animals tended to  improve with a  drop  in temperature and increase in ac- 
tivity, despite persistence of the inflammatory focus. 
TABLE  1 
Findings after Intravenous Injection of 04-Labded Plasma into Dogs with Turpentine Abscesses 
Dog No. 
48-209 
51-22 
51-173 
52-29 
Weight 
Initial  Final 
13.8  10.9 
11.7  10.0 
6.8  4.7 
lO.7  lO.O 
Hcmatocr[t 
reading 
Initial  Final 
58.0  42.7 
48.6  33.9 
47.5  35.9 
44.5  34.0 
Average 
volume 
---2-. 
400 
515 
280 
620 
Turpentine 
injections, length 
of time before 
intravenous C~' 
days 
--2, 0 
-5,  --3, 0 
-3, 0 
--1 
]ncislc 
and 
drain8 
affter ( 
tratio: 
days 
5 
4 
4 
3* 
Termination of 
experiment 
T  le 
aft,  C  u  ~  hiS-  Method 
tn  [on 
Survival 
Survival 
Vivipcr- 
fusion 
Killed 
CHCL, 
* Spontaneous rupture. 
The experimental conditions are summarized in Tables 1 and 2. The weight 
losses encountered, varying from 1.3 to 31 per cent, are indicated in the 2nd 
and 3rd columns. These variations appear to bear some relationship to the dura- 
tion of the abscess state, and in at least one instance, dog 48-209,  to caloric 
intake since this animal even with forced feeding would consume only half the 
required amount of low protein diet. The degree of anemia produced is indi- 
cated by the hematocrit changes in each experiment, shown in Tables 1 and 2 
4th and 5th columns. As expected, this anemia was somewhat greater in ani- 
mals with sterile inflammation compared with control dogs (13). 
Tables 1 and 2, 7th column, show the number of turpentine abscesses induced 
and the  time relationship to  the intravenous or oral  administration of C 1*- 
labeled material. Because of the constancy of the changes in body temperature 
from an initial level between 38.2  and 38.6°C.  to a  maximum of about 40°C. 
within 1 or 2 days, the individual values are not tabulated. 
Although samples of pus were aspirated from time to time for C 1. assay in 
the early stages of most experiments, final incision and drainage were carried 
out at the times indicated in the 8th column of Table 1 and the 9th column of 176  INFL~MiC~TION AND PROTEIN METABOLISM 
Table 2. Two dogs, 52-29 and 51-197,  showed spontaneous rupture of the ab- 
scess.  Since prompt healing occurred, observations during the recovery period 
were made in the longer experiments. 
In the 8th column of Table 2 are listed the percentages of fed C 14 recovered 
in  the  feces after oral  administration.  It will  be  noted  that  absorption was 
practically complete in  the 2 dogs fed amino acid digest with added labeled 
lysine. After feeding plasma to dog 52-97,  at least 25 per cent of the C x4 ac- 
tivity remained  in  the  feces.  Unfortunately the  feces from dog 51-197  were 
lost so that the 30 per cent values in parenthesis for this dog is an estimate, 
TABLE 2 
Fim~ing$ after Oral Feeding of C~4-Labded Plasma* or  CX4-Labded Lysine  Plus Amigen~§ 
to Dogs with Turpentine Abscesses 
Dog No. 
51-197" 
52-97* 
52-37~, § 
52-146:1:, 
Weight 
Initial  Final 
8.4  7.3 
7.9  7.8 
8.0  7.4 
§i  13.2  12.6 
Hematocrit 
reading 
Initial  Final 
per 
cez~  ¢e~ 
48.8  39.8 
45.3  36.8 
51.8  43.2 
54.5  44.8 
Average 
plasma 
volume 
360 
450 
330 
56O 
Turpentine 
injections, 
length of 
time before 
and after 
C  x4 feeding 
-2, +1 
--2, +1 
--1 
--3,  -- 1 
Incl- 
sion 
and 
Fecal  drain- 
age~  recov-  length Time 
ery,  ~f time after  per cen  Cx  ¢  fed C  x~  after  !C t4  ad- 
!admJn-  min- 
istra-  istra- 
tion  tion 
30.0 
25.0 
3.2 
1.0 
days 
5¶  7 
4  4 
4  9 
4  4 
Termination 
of 
experiment 
Method 
Killed 
CHCL, 
Killed 
CHCLa 
Survival 
Killed 
CHCI4 
¶ Spontaneous rupture. 
based on a  total recovery of only about 50 per cent of the C  14 fed compared 
with 85 to 95 per cent recovery in many other experiments  (controls without 
abscesses)  involving the use of C14-1abeled lysine, alone and incorporated into 
plasma proteins (12-14). Absorbed C  14 dose referred to subsequently is therefore 
70 per cent of the amount fed for dog 51-197 and 75 per cent for dog 52-97. 
Details relating to the actual amounts of intravenous labeled plasma and C 14 
activity given  in  individual  experiments,  including  one  normal  control,  are 
given at the top of Tables 3, 4, and 5, which list changes in chemical concen- 
tration  and specific  C  1~  activity of total  plasma proteins,  albumin,  globulin, 
and in some instances fibrinogen. It will be noted that the C  ~ activities of al- 
bumin and globulin are expressed  respectively as percentages of albumin  C  x4 
and globulin C  ~4 in the donor plasma. It is felt that a truer picture of the turn- 
over of these 2 protein fractions is obtained in this way than when activities YUILE~  LUCAS,  JONES,  CEAPIN,  AND  VgtilFPLE  177 
are expressed as per cent of the total C 14 in the injected plasma, The concen- 
tration  of  albumin  remained  relatively  constant,  and  the  plasma  levels  of 
total protein and globulin showed a temporary rise associated with the elevated 
fibrinogen in the circulation. This is particularly noteworthy since these animals, 
with sterile abscesses, received almost no nitrogen by mouth and were given 
only a  single intravenous injection  of plasma containing  from 4  to  7  gm.  of 
protein.  Fibrinogen  concentrations  reached  a  maximum  2  to  3  days  after 
turpentine injection, began to fall with localization of the abscess, and rapidly 
fell towards normal after incision and drainage. 
TABLE 3 
(Control) 
Findings after Intravenous Injection of Cti-Labeled Plasmaproteins 
(Total Protein, Albumin and Globulin Concentration, and C  14 Specific Activity-- 
Normal Dog) 
Dog PB---normal control, 6.9 gin. plasma protein (3.3 gin. albumin plus 3.6 gin. globulin) 
in  144 ml. plasma injected--total C  1~ content  2.34/~c.: as albumin,  1.0 ptc.; as globulin, 
1.34 #c. 
Time after injection 
10 rain. 
3 hrs. 
5 hrs. 
8 hrs. 
23 hrs. 
48 hrs. 
71 hrs. 
96 hrs. 
Total plasma protein  Plasma albumin 
Gin. per  Per cent 
total C 1., 
100 ml.  dose/gm. 
t 
6.33  2.51 
6.05  2.21 
6.71  1.98 
6.35  !  1.98 
6.10  1.39 
6.56  1.11 
6.30  1.01 
I  6.18  0.99 
Gm. per  Per cent 
I00 ml.  albumin C t4, 
dose/gin. 
2.51  6. I0 
2.47  5.06 
2.58  4.73 
2.52  4.17 
2.49  3.42 
2.30  3.25 
2.17  3.09 
2.21  2.78 
Plasma globulin 
Gin. per  Per cent 
globulin C t4, 
100 ml.  dose/gm. 
3.82  4.59 
3.58  4.02 
4.13  3.44 
3.83  3.34 
3.61  2.47 
3.85  1.81 
4.13  1.41 
3.97  1.36 
Since  the  donor  plasma in  these  experiments was  largely  defibrillated  by 
freezing and thawing and in view of the large amounts of plasma required, C 14 
assay of fibrinogen  was only attempted  in  2  experiments of this  type  (dogs 
48-209 and 51-22, Table 4, final column). In the first of these there was a gradual 
decline in fibrinogen C 14 activity with the value for total circulating fibrinogen 
at 11 hours representing but 65 per cent of the total C 14 injected in the form of 
fibrinogen. In dog 51-22, the trend was similar, except for a  temporary rise on 
the 3rd day. 
The disappearance of C 14 activity from total proteins, albumin, and globulin 
at various time intervals after injection of labeled plasma is indicated in the 
appropriate columns in Tables 3, 4, and 5. In the 4 experimental animals the 
average 6 day drop in specific C 14 activity of total plasma protein was 82 per 178  INFLAMMATION  AND  PROTEIN  METABOLISM 
cent, of albumin 79 per cent, and of globulin 84 per cent.  Comparable figures 
in 2  control animals, dog PB  (Table 3) and dog 50-37 described in a  previous 
TABLE 4 
Findings after Intrauenous Injection of CU-Labded Plasma Proteins 
(Total Protein, Albumin, Globulin,  and  Fibrinogen Concentration, and  C  14  Specific 
Activity--Dogs  with Turpentine Abscesses) 
Dog 48-209. Dog with 2 turpentine abscesses. 4.3 gin. plasma protein (1.15 gin. albumin 
plus 3.15 gin. globulin)  in 103 ml. plasma injected--total C  14 content 1.11/~c.: as albumin, 
0.34 #c.; as globulin, 0.77/zc. 
Total plasma protein  Plasma albumin  Plasma globulin  Fibrinosen 
Time after 
injection 
I0 min. 
3 hrs. 
11 hrs. 
24 hrs. 
2 days 
3 days 
5 days 
6 days 
8 days 
9 days 
Gin. per 
100 ml. 
6.87 
6.66 
6.70 
6.71 
7.22 
7.13 
7.10 
6.66 
6.55 
6.10 
Per cent 
total C  l~, 
dose/gm. 
3.10 
2.72 
2.10 
1.32 
0.91 
0.73 
0.53 
0.46 
0.39 
0.39 
2.25 
2.49 
2.36 
2.00 
2.11 
1.77 
1.78 
1.78 
2.21 
1.95 
-Per cent 
albumin 
C14  t 
dose/gin. 
9.8 
7.1 
5.0 
4.3 
2.5 
2.3 
2.3 
2.1 
1.6 
1.5 
Gm. per  Gm. per 
100 ml.  100 ml. 
4.62 
4.17 
4.34 
4.71 
5.11 
5.36 
5.32 
4.88 
4.34 
4.15 
Per cent 
globulin 
C14~ 
dose/gm. 
4.6 
4.3 
3.5 
2.0 
1.1 
0.9 
0.7 
0.6 
0.5 
0.5 
0.70 
0.64 
0.85 
0.86 
0.89 
0.75 
0.61 
0.60 
0.49 
0.49 
I Per cent 
totl~ C z4, 
dose/gin. 
1.7 
0.8 
0.4 
0 
Dog 51-22. Dog with 3 turpentine abscesses. 5.7 gin. plasma protein (1.8  gm.  albumin 
plus 3.9 gin. globulin)  in 111  ml. plasma injected--total C  14 content 1.16 ~c.: as albumin, 
0.36 ~c.; as globulin, 0.80 ~c. 
10 mln. 
3 hrs. 
6 hrs. 
11 hrs. 
24 hrs. 
2 days 
3 days 
4 days 
6 days 
7 days 
5.91 
6.36 
5.88 
6.20 
6.20 
6.56 
6.58 
6.62 
6.05 
5.65 
2.41 
1.95 
1.76 
1.38 
1.00 
0.58 
0.55 
0.51 
0.42 
0.40 
1.70 
1.74 
1.89 
1.92 
1.91 
2.06 
1.92 
2.09 
1.74 
8.5 
6.7 
5.2 
4.4 
2.9 
2.1 
1.9 
1.6 
1.9 
4.21 
4.62 
3.99 
4.28 
4.29 
4.50 
4.66 
3.96 
3.91 
3.4  0.82 
2.8 
2.6 
1.6  0.76 
1.5  0.57 
1.0 
0.8  0.85 
--  0.75 
0.5  0.49 
0.5  0.38 
0,51 
0.43 
0.40 
0.51 
0.15 
0 
0 
publication (13), are, total plasma protein 72 per cent, albumin 60 per cent and 
globulin 79 per cent. 
Disappearance rates of albumin and globulin C t4 are graphically illustrated 
in  Figs.  A  and  B.  In  the  dogs  with  turpentine  abscesses,  albumin  activity 
drops rapidly for 2  to 3  days before reaching the slow steady rate seen after 
about 16 hours in the control animals. Dog 52-29 with only one abscess showed YUILE, LUCAS, ~ONES~ CHAPIN~ AND  WIIIFPLE  179 
the least drop and dog 51-173, which incidentally lost more weight than any 
other animal, showed the greatest decline in albumin C u activity. In 2 instances, 
TABLE 5 
Findings after Intravenous Injection of C~4-Labeled Plasma Proteins 
(Total Protein, Albumin, Globulin, and Fibrinogen Concentration, and C  u Specific 
Activity--Dogs  with Turpentine Abscesses) 
Dog 51-173. Dog with 2 turpentine abscesses. 7.0 gin. plasma protein (2.7 gm. albumin 
plus 4.3 gin. globulin) in 146 ml. plasma injected--total C  u content 1.23 pc.: as albumin, 
0.45 pc.; as globulin, 0.78 pc. 
Total plasma protein  Pinsms  albumin 
Thne after  Per cent  Per cer 
injection  Gm. per  total  C  t',  Gin.  per  Mbumi 
100 ml.  dine/gin.  100 ml.  C  u,  dose/s~ 
10 rain. 
4 hrs. 
8hrs. 
25 hrs. 
2 days 
3 days 
4 days 
5 days 
6 days 
7 days 
9 days 
6.84 
6.87 
6.22 
6.88 
7.27 
6.95 
6.92 
7.05 
6.38 
6.24 
5.80 
4.00 
3.35 
2.91 
1.93 
1.28 
0.96 
0.82 
0.73 
0.63 
0.63 
0.58 
1.36  15.82 
1.60  9.80 
1.79  7.53 
1.55  6.21 
1.75  3.70 
1.65  3.20 
1.51  3.14 
1.97  2.71 
1.66  2.42 
1.62  2.70 
1.45  2.93 
Pistons globulin 
L  Per cent 
CI4  e 
~.  dose/gm. 
5.48  4.11 
5.27  3.92 
5.08  3.04 
5.33  1.53 
5.52  1.30 
5.30  1.21 
5.47  1.00 
5.08  0.93 
4.72  0.71 
4.62  0.62 
4.35  0.54 
Fibrinogea 
G~.t0o 
0.86 
1.07 
1.40 
1.25 
0.90 
0.92 
0.81 
0.52 
0.56 
Dog. 52-29. Dog with 1 turpentine abscess. 4.2 gm. plasma  protein  (1.7 gin. albumin 
plus 2.5 8m. globulin) in 105 nil. plasma injected--total C  u content 1.98 pc.: as albumin, 
0.79 #c.; as globulin, 1.19  #c. 
10 rain. 
4 hrs. 
9hrs. 
24 hrs. 
2 days 
3 days 
4 days 
5days 
6 days 
7 days 
5.41 
6.04 
6.09 
5.96 
5.25 
6.20 
6.00 
5.44 
5.13 
4.68 
2.52 
2.23 
1.89 
1.49 
1.11 
0.76 
0.66 
0.64 
0.60 
0.60 
2.42 
2.38 
2.58 
2.44 
2.22 
2.44 
2.36 
2.29 
2.21 
2.26 
6.02 
5.73 
4.75 
3.70 
2.62 
2.06 
1.98 
1.86 
1.77 
1.63 
2.99 
3.66 
3.51 
3.98. 
3.03 
3.76 
3.64 
3.15 
2.92 
2.42 
4.87 
3.70 
3.00 
1.93 
1.63 
1.05 
0.91 
0.95 
0.78 
0.80 
0.53 
O.7O 
0.87 
0.66 
0.66 
0.34 
0.35 
dogs 51-22 and 51-173, there was an increase in C u activity per gram of albumin 
after the 6th day. 
In contrast to the marked differences in albumin activity observed in con- 
trol and experimental abscess  animals, the  behavior of  globulin C 1.  is  rela- 
tively similar in the  2  groups  (Fig. B).  The slightly more rapid drop  in C u 180  INFLAMMATION  AND  PROTEIN  METABOLISM 
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activity per gram of globulin noted in the first few days after injection in the 
abscess  group  (Fig.  B)  can  be readily  explained  by the  fact  that  fibrinogen 
is increasing in concentration yet contains negligible amounts of C". 
Plasma  protein  data  for  the  experiments  in  which  the  C"  activity  was 
administered orally are found in Tables 6 and 7. Since the problem here involves 
not only the metabolism of already labeled plasma protein as was the case in 
TABLE 6 
Findings after Oral Adrainistration of Labeled Plasma 
(Plasma Protein Concentration and Total Circulating C  I' in Protein Fractions) 
Dog 51-197. Dog with 2 turpentine  absc~=,ses. Fed  122 ml. plasma  containing  5.2  gin. 
protein incorporating 1.46 pc. C  a. 
Time after feeding 
1 hr. 
4 hrs. 
9 hrs. 
24 hrs. 
2 days 
4 days 
6 days 
7 days 
Plasma total protein 
Gin. per 
100 mL 
5.84 
5.91 
5.90 
5.53 
5.70 
5.67 
5.37 
4.94 
Total cir. 
culatias 
C  t', per 
cent of 
absorbed 
dose 
0.4 
4.9 
7.6 
5.7 
5.3 
3.3 
2.5 
2.5 
Non- 
total 
100 
12 
5 
0 
0 
0 
Plmms albumin 
Total dr- 
culatiaz  al- 
bumia O', 
per cent of 
absorbed 
dose 
1.1 
1.0 
0.8 
0.5 
0.5 
0.8 
rL~a~ rJobuUn 
Gin. per 
100 mL 
1.92 
1.95 
1.54 
1.78 
1.44 
1.41 
1.28 
3.92 
3.95 
3.99 
3.92 
4.23 
3.96 
3.66 
Total dr- 
misting 
globulin 
C  I', per 
cent of ab- 
mrbcddos¢ 
5.6 
4.7 
3.3 
2.9 
2.2 
1.6 
Dog. 52-97. Dog with 2 turpentine  abscesses. Fed 147 ml. plasma containing 6.5 gm. pro- 
rein incorporating 1.65 pc. C 14. 
4 hrs. 
9 hrs. 
25 hrs. 
2 days 
3 days 
4 days 
6.00 
6.00 
5.69 
5.75 
6.27 
5.97 
8.5 
8.7 
8.7 
6.0 
5.1 
4.3 
2.00 
1.95 
1.86 
1.61 
1.61 
1.58 
1.5 
1.4 
1.4 
1.0 
1.1 
4.00 
4.05 
3.83 
4.14 
4.66 
4.39 
7.3 
7.0 
4.1 
3.8 
3.4 
the other group of experiments,  but also the incorporation of C" into newly 
synthesized protein,  the results relating to C" in the plasma protein fractions 
are tabulated in terms of total circulating activity as per cent of dose. 
Table  6  deals with  2  experiments  in which  Cl'-labeled plasma  was fed by 
stomach tube, Table 7 with 1 experiment in which e-C"-vL-lysine was fed and 
1  in  which  e-C"-L-lysine was  fed.  Chemical  concentrations  of  total  plasma 
protein and globulin showed little change except for some tendency to fall as 
fibrinogen levels fell (see Table 7) or were presumed to fall although not actu- 
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The recently published  dam on the  metabolism  of oral plasma  protein jn 
normal dogs (14) will serve as a control for the 4 dogs with turpentine abscesses 
receiving C ~4 lysine by mouth either incorporated in plasma protein Or mixed 
with  amigen  (Tables  6  and  7).  Total  circulating  plasma  protein activity 
reached its maximum in both groups within 5 to 9 hours, tending to be slightly 
TABLE 7 
Findings afk,  r Oral Administration of C"-Labded Lyslne and Amifen 
(Concentration  of Plasma Proteins and Total Circulating C  14 in Protein Fractions) 
Dog 52-37. Dog with  I  turpentine  abscess. Fed  10 mg. of e-Ct*-DL-lysine plus 5.0 gm. 
amigen--total C  x4 activity 10 #c. (as L-lysine 5 #c.). 
Time after 
feeding 
4hrs. 
8 hrs. 
24 hrs. 
2 days 
3 days 
4 days 
5 days 
6 days 
9 days 
ph~  total protein  Plasma albumin  Plasma  globulin  Fibrinolcm 
Gm. 
100 mL 
6.81 
6.71 
7.01 
7.18 
7.18 
6.82 
6.36 
5.13 
4.78 
Total cir-  culating  Non-  0 4  , per  protein 
cent of  0% per 
cent of  L,.~e  total 
10.6  50 
11.3  20 
9.0  9 
7.3  0 
5.9 
5.3 
4.3 
3.0 
2.3 
Total ci~ 
 .per  100 ml. Ct*, per cent 
of L-~'sine 
dose 
2.87  2.2 
2.62  1.7 
2.64  1.1 
2.40  1.0 
2.08  1.1 
2.23  1.2 
2.20  1.1 
2.00  0.8 
Total cir- 
culating 
iGm. per  globulin 
100 n~L C  14, per cent 
of l,-lysine 
dose 
3.94  8.4 
4.39  7.4 
4.54  6.2 
4.78  4.6 
4.74  3.7 
4.13  3.1 
2.93  2.0 
2.82  1.5 
Gm.per 
100 ml. 
0.57 
0.59 
t 0.72 
0.98 
0.97 
0.69 
0.61 
0.27 
0.33 
Total cir- 
C , percent  of ~ 
3.2 
3.2 
2.1 
1.9 
1.2 
1.1 
0.7 
0.3 
0.2 
Dog 52-146. Dog with 2 abscess~  Fed 4 nag. L-lysine incorporating  3.22 ~tc. C  t* plus 
5 gin. amigen in 50 ml. distilled water. 
2 hrs. 
5 hrs. 
8 hrs. 
25 hrs. 
50 hrs. 
3 days 
4 days 
5.54 
6.29 
6.24 
6.34 
6.47 
6.07 
5.78 
8.5 
10.9 
9.8 
7.7 
6.6 
5.7 
4.8 
23 
6 
0 
2.42 
2.16 
2.08 
2.30 
2.18 
2.32 
2.65 
1.6  4.12 
1.6  4.13 
1.4  I 4.16  1.5  4.04 
0.9  4.29 
1.0  3.75 
1.2  3.13 
7.7 
8.0 
8.3 
6.2 
4.7 
4.3 
3.5 
0.68 
0.68 
0.69 
0.68 
0.$6 
0.49 
0.50 
2.0 
2.4 
2.4 
1.8 
1.3 
0.8 
0.7 
higher  in  the  dogs with  sterile  inflammation.  Small  amounts  of non-protein 
C" were detected in the plasma at 24 hours in 2 of the experimental  (abscess) 
group (dogs 51-197 and 52-37) in contrast to complete clearing within 10 hours 
by  the  normal  dog.  Maximum  total  circulating  albumin  activity  in  the  4 
experimental  (abscess)  animals  ranged  between  1.1  and  2.2  per  cent  of the 
absorbed  C" compared to 3.3 per cent in the most directly comparable con- 
trois (14). However, it is perhaps more significant that all C" albumin/globulin 
ratios  in  the  experimental  (abscess)  group  were  one-third  of  those  seen  in i84  IN~LA~TION  AND  PROTEIN  METABOLISM 
normal dogs. Maximum albumin C t4 levels in addition to being very low rela- 
tive to globulin were attained at 4 and 2 hours in the 2 dogs fed amino acids 
(Table 7) instead of after 7 to 10 hours as seen in the controls. 
Average globulin C" activity in the fed dogs with turpentine abscesses was 
higher than in normal dogs, with the increase apparently all accounted for by 
N  7 
X  O, 
0 
5 
I 
(.! 
¢9 
0 
Z 
(Z: 
_m 
b. 
~2  - 
.-j 
n~ 
_.1 
I.,- 
52_146  ~  ' 
,52-37 
Fzo. C. Disappearance rate of total circulating fibrinogen C  14 activity in dogs with tur- 
pentine abscesses. Fibrinogen  was labeled by feeding  DL-lysine-e-C  14 and amigen (dog 52-37) 
and L-lysine-eC" with amigen (dog 52-146). 
fibrinogen activity, at least in the two instances in which this was measured 
(Table 7). From the figures in the final two columns of Table 7 and the plasma 
volume (Table 2)  it may be computed that  within  a  few hours the  C" ac- 
tivity per gram of fibrinogen is about twice the activity of a gram of globulin, 
including fibrinogen, and about 6 times greater than that of a gram of albumin. 
From this early high peak the fibrinogen activity falls rapidly and as seen in 
Fig.  C  the  disappearance  rates  of total  circulating fibrinogen  C" for the  2 
dogs 52-37 and 52-146 are approximately parallel lines, indicating a half-life of 
not more than 2 days. 
ii  I  i  t  I  I  I 
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The cumulative excretion of 0  4 as carbon dioxide in the expired air is shown in 
Table 8 for all experiments.  The figures were derived from measurements of 
the hourly C1~O2 excretion made during the 2nd, 5th, 10th, and 24th hours and 
once a  day thereafter until termination of the experiment. The upper section 
A  of Table 8 deals with those animals which received intravenous C~Mabeled 
plasma. The most striking difference between control dogs and those with ab- 
scesses  is  an  increase  in  the  amount of C1~)~ expired  by the  abscess group, 
most marked during the first 2 to 4 days after labeled plasma injection. 
TABLE 8 
Cumulative Total 0402 Excretion in Expired Air--Abscess Experiments 
A. Findings after intravenous C14-1abeled plasma, per cent C  t4 injected. 
•  Dog No 
48-209 
51-22" 
51-173 
52-29 
0-2 
hrs. 
0.56 
0.17 
0.64 
0.90 
J 
0-10 
hrs. 
1.79 
0.56 
2.35 
3.38 
O-24 
hrs. 
4.50 
2.31 
7.52 
5.64 
o-48 
hrs. 
7.90 
3.35 
13.58 
8.32 
0-96 
hrs. 
12.03 
5.64 
17.66 
12.69 
0-end of 
experiment 
17.83 (9 days) 
8.99 (8 days) 
27.24 (9 days) 
16.31 (7 days) 
protein 
equivalent 
gm./day 
2.6 
1.9 
2.6 
2.0 
I  I 
Controls, averages  0.50  1.96  2.91  4.65  i  7.16  i  7.7(7days)  0.8-1.6 
B.  Findings after ora/C14-1abeled plasma or Ct*-labeled lysine, per cent absorbed C  l*. 
51-197 (plasma) 
52-97 (plasma) 
52-37 (D, L-lysine) 
52-146 (L-lysine) 
Controls, averages 
1.25  10.62  16.25 
2.84  11.26  21.13 
14.48  38.78  41.93 
14.48  28.30  30.40 
15.00  17.50  21.00 
19.80 
31.11 
32.40 
23.00 
t 
27.60  30.40 (7 days) 
35.61 
35.30  I  -- 
m 
i 
* Low values due to temporary defect in C02 collection apparatus. 
Section  B,  the  lower  portion  of  Table  8,  indicates  the  cumulative  Clff)~ 
excretion in the dogs receiving the isotope by mouth. The 2 dogs (51-197  and 
52-97)  receiving oral plasma  show an  initial  lag in  C  14 excretion  in  the  ex- 
pired air followed by an increased rate, maintained for about 48 hours, which 
raises the total C140, excretion above the average control level.  Mter feeding 
labeled L-lysine  with amigen (dog 52-146)  the final increase in Cx~)2 excretion 
above  the  control level  is  seen  to be almost  solely the  result  of accelerated 
elimination  during  the  first  2  hours.  Dog 52-37  which  received  labeled  DL- 
lysine by mouth showed a  2 hour CI*O~ excretion expressed  as a  percentage 
of the L-lysine component, similar to the dog receiving only L-lysine.  On the 
other hand between 2 and 10 hours an extra 10 per cent was eliminated. This is 
possibly explained by a modification of the unnatural D isomer of lysine within 186  INFLAMMATION AND  PROTEIN  METABOLISM 
the gastro-intestinal  tract so that some of it became susceptible to oxidation 
after absorption. 
The figures  in  the last column of Table 8 A  are average daily values for 
the grams of plasma protein which by degradation would supply the amount 
of radioactive carbon expired as COs during  the corresponding  day. It may 
perhaps be assumed that  the plasma proteins are the main  source of C14Os 
in  the expired air  after intravenous  injection  of labeled plasma proteins  in 
this type of experiment. The daily plasma protein equivalent of expired CuO~ 
is somewhat higher in dogs with abscesses than in normal controls but in both 
groups it  is  relatively constant  from day to day. However, in  the recovery 
TABLE 9 
Urinary Nitrogen and Carbon  u Excretion 
NO.  Route of C a` 
atlminlatration 
Intravenous 
Intravenous 
Intravenous 
Intravenous 
Intravenous 
51-197  Oral, 
(plasma) 
52-146  Oral,  (L-ly- 
sine) 
Control  Oral 
48-2O9 
51-22 
51-173 
52-29 
Control 
Alarm 
period" 
days 
7 
9 
7 
4 
Average urinary nitrogen 
Before 
tu~en" 
etc./day 
1.8 
1.9 
2.2 
1.9 
1.7 
2.3 
2.3 
lm./day  t~n./day 
2.8  2.1 
3.5  2.0 
3.4  2.6 
2.6  1.7 
2.1  1.6 
2.4 
Urinary 0 4  excretion 
Post-  0-24  hrs., 
abscess  per cent 
period  dose 
0.67 
0.16 
0.57 
3.45 
0.60 
5.19 
0.18 
0.12 
0.18 
0.13 
0.18 
After 24 hrs. 
Plums  Per cent  protein  dose per 
day  equivalent 
vn./d4y 
0.21 
0.17 
0.14 
0.12 
0.14 
0.34 
0.97 
1.05 
0.33 
0.61 
1.30 
1.90 
1.80 
* Time from first turpentine injection until final incision and drainage. 
period after sterile inflammation,  a slight drop is noted. Dogs fed C  14 lysine in 
one or other form incorporate much more C 14 into  tissue proteins than  into 
plasma proteins (14).  Therefore, since much of the expired C 14 would be de- 
rived from tissue sources it is not possible to determine plasma protein equiva- 
lents in this group of animals. 
Table 9 outlines the findings  relating to urinary excretion of both nitrogen 
and C 1~. In aU instances these dogs, receiving almost exclusively fat and carbo- 
hydrate by mouth showed some increase in urinary nitrogen output during the 
abscess period.  The extent of this is fairly accurately indicated by the average 
values in the table with the exception of dogs 51-197 and 52-146 in which no 
apparent increase  is evident. However, both these animals showed a transient 
elevation in daily urinary nitrogen excretion, to 3.5 gin. for 1 day in dog 51-197 YUILE, LUCAS, JONES, CHAPIN, AND WHIPPLE  187 
and to 2.9 gin. for 3 days in dog 52-146 followed by a drop below the control 
level. 
Values  for urinary C  14 output during the first 24 hours after intravenous 
injection of labeled  plasma are included merely to illustrate the initial vari- 
ations which result from differences in the amount of non-protein  C  14 present 
in the donor plasma.  Only 90 per cent of the activity administered to dog 
52-39, for example, was in the form of protein while the maximum non-pro- 
tein activity in the other 3 intravenous experiments  was about 3 per cent. In 
the oral  group,  the very high activity in the first 24 hour Sample from dog 
51-197 is attributed to contamination of the cage by a small amount of ma- 
terial, vomited shortly after the labeled plasma had been fed. 
After the first 24 hour period the urinary C  14 output became relatively stabi- 
lized with a tendency to fall slightly as time went on. Average values for the 
per cent of dose excreted per day, shown in the second to last column, Table 9, 
indicate that this mode of C  ~4 elimination is changed little if at all by the pres- 
ence of sterile inflammation. 
The plasma protein equivalent of the daily urinary C  14  is approximately 
10  times greater after oral  administration than after intravenous injection, 
(Table 9, final column). This fact would tend to exclude the plasma proteins 
as the major direct source of urinary C  z4, at least after feeding, when the specific 
activity of the plasma proteins is  relatively much lower  than after plasma 
injection. 
Table  10  outlines the pertinent data dealing  with specific C  ~4 activity of 
tissue  proteins,  derived  from C  ~4 and nitrogen determinations of dry tissue 
aliquots.  Similar  determinations were also made on samples of lung,  spleen, 
liver, pancreas,  and kidney from each dog after treatment with trichloracetic 
acid and acetone.  Identical specific activities were obtained by both methods 
except  for the liver  which was 5  to 10 per cent lower in the treated prepa- 
rations. All values  listed have been adjusted for differences in body weight 
between experimental  animals and controls.  The tissues  of only 1 dog with 
abscesses, 51-173, which received labeled plasma intravenously and was sub- 
jected to viviperfusion are comparable  to those of control dog 50-37. Two ex- 
periments involving oral  administration of labeled plasma and labeled  lysine 
(dogs 52-97 and 52-146) which lasted 4  days are comparable  to oral  control 
dog 51-137, (14). The results were almost identical  and have been  averaged 
for ease of presentation. 
Activities  in the various tissues, per gram of protein, were found to decline 
in approximately the same  order as in normal dogs  (7), irrespective  of the 
route of administration. In a general way the organs engaged in active body 
processes such as liver, adrenal,  pancreas,  and small intestine had a high spe- 
cific activity, those with a  high smooth muscle  content tended to be  inter- 
mediate and striated muscle, skeleton,  skin, and hair were low. However,  as 188  INFLAMMA.TION AND PROTEIN METABOLISM 
can be seen in Table  10,  the spread between high and low tissue activities in 
the  experimental  (abscess)  animals  is  greater  than  in  the  controls.  Actual 
figures as per cent dose per gram protein  for the  intravenous  control ranged 
from 0.14 to 0.03  and for the oral control 0.16  to 0.04,  contrasted  with 0.18 
to 0.03 and 0.16 to 0.01  in the respective experimental  (abscess)  groups. It is 
apparent from Table 10 that these discrepancies are due to higher activities at 
TABLE 10 
Specific 04 Act~ity of Tissue Proteins--Abscess Experiments 
After intravenous plasma (dog $1-173)  After oral plasma or lysine 
(Average of dogs 52-97 and 52-146) 
Per cent 
Tissue  dose~r 
Liver 
Kidney 
Adrenal 
Small intestine 
Pancreas 
Salivary gland 
Stomach 
Spleen 
Large intestine 
Lung 
Brain 
Skeletal muscle 
Heart 
~t  Activity 
~r  relative  to 
gm.  control  protein 
0.18 
0.15 
0.15  Group  (1) 
0.12  1.3  X  con- 
0.12  trol 
0.11 
0.09 
0.12 
0.11  Group  (2) 
0.08  Equal  to 
0.04  control 
0.03 
0.05  Croup (3) 
75% of con- 
trol 
Tissue 
Adrenal 
Liver 
Kidney 
Pancreas 
Salivary gland 
Lung 
Brain 
Per cent 
doseper 
gm. 
protein 
0.16 
0.14 
0.12 
0.10 
0.08 
0.06 
0.04 
Activity 
relative to 
control 
Croup (1) 
Equal  to 
control 
Small intestine  0.10 
Stomach  0.05  Croup  (2) 
Large intestine  0.07  65-75%  of 
Spleen  0.10  control 
Heart 
Uterus and urinary 
bladder 
Skeletal muscle 
0.05 
0.04 
0.01 
Croup (3) 
50% of con- 
trol 
Croup (4) 
25% of con- 
trol 
the  top  and  similar  activities  at  the  bottom  of  the  scale  after  intravenous 
injection and equal activities at the top with much lower activities at the bot- 
tom in  the  turpentine  treated  dogs given labeled  material  by mouth. 
The total percentage of administered  C 14 found in the organs and tissues of 
all dogs sacrificed are shown in Table 11. For comparison 1 control dog in each 
group is also included.  In the upper part of the table the body areas contain- 
ing the largest amounts of C 1. activity are listed separately. In every instance 
the sum of these tissue activities  includes all C 1. of plasma  proteins  in lymph 
and other extravascular extracellular  fluids, all C 14 in  the variable  amounts of YUILE,  LUCAS,  ]ONES~  CHAPIN~  AND  WltlFPLE  189 
circulating plasma  protein not removed  by perfusion or blood  loss and  C" 
actually in cytoplasm. Previous investigations (8, 11, 13) have dearly indicated 
that the circulating proteins are in equilibrium with an approximately equal 
amount of similar protein in other extracellular body fluids, so that net tissue 
activity is derived by subtracting all  residual  C" activity in  this  combined 
plasma protein pool from the total determined tissue activity. As will be seen 
from the final  Table  12  the  total  recoveries in these animals with abscesses 
ranged between 83 and 86 per cent. It is likely that most of the discrepancy 
TABLE 11 
Major Sites  of  Tissue C" Actlvi~y--Abscess  Ex1~erimenl,~  and Conlrols 
After intravenous pl~qm. 
Org  An or t~ue 
Liver 
Gastro-intestinal tract 
Skin and hair 
Skeletal muscle 
Skeleton and fat 
All others 
Total---determined  ................. 
~mtm 
dog 
50-37 
7 days 
7.2 
3.8 
13.8 
22.6 
4.9 
3.2 
55.5 
20.0  Less residual in plasma and "lymph". 
Net total--determined ..............  35.5 
Plus probable error*  ................  10.0 
Probable total--tissues .............  45.5 
After oral administration  of plasma 
or lysine,  per cent absorbed dose 
3antrol  Dog  Dog  I 
Do  Dog  ~2-97  52-146 4 
51-~:  dog  Pla~  L-l--ine  52-29  51-137  ma)  (4 ~ ays) 
(9 thtyj  7 chLys  14 days)  days) 
5.7  6.2  5.6  7.9  6.9 i 
3.8  4.2  4.2  3.4  2.6 
6.7  6.3  [2.5  6.5  5.5[ 
9.2  20.1  t2.2  0.0  11.2 
i 
4.0  5.0  3.0+  4.2  6.3  I 
4.1  4.9  ~__4"3  5.6  4.2 
33.5  46.7  71.8  37.6  36.7 
8.3  25.3  7.0  8.3  6.7 
25.2  , 21.--'4- 64 . 8  29.3  130.0 
15.0 [ 15.0  5.0  17.0  20.5 
P~ms 
{;  days) 
5.5 
2.4 
5.8 
13.0 
5.5 
3.6 
35.8 
4.9 
30.9 
14.0 
44.9 
* Difference  between complete  and observed recovery. 
between these figures and 100 per cent is due to errors in estimating the C" 
content of the large tissue masses which were not measured directly. The figures 
at the bottom of each column in Table 11, representing the sum of net deter- 
mined tissue activity plus the difference between observed and complete re- 
covery, therefore probably give a truer picture of relative total tissue activities. 
It is  interesting,  as  shown  in  the  final  column of Table  11,  listing  tissue 
C", 7 days after oral plasma, that while the activity in most tissue groups de- 
clined somewhat between 4 and 7 days, there was an increase in skeletal muscle 
despite  a  reduction  in  the  specific activity  of plasma  proteins  during  this 
interval. 
The final Table 12 indicates the total C" recovery in all but 3 experiments, IN~I~&TION  AND  PROTEIN METABOLISM 
dogs 48-209, 51-22, and 52-37. In two the amounts of radioactivity injected as 
plasma protein did not warrant sacrifice and measurement of tissue C 14, while 
in the third dog 52-37 the picture was complicated by the feeding of DrAysine. 
The values are expressed as percentages of total administered C 14 for the 2 
animals given intravenous plasma and as percentages of absorbed C 14 for the 
3 dogs given C" orally. In general the total recovery in these dogs with turpen- 
tine abscesses is somewhat lower than the average of other animals studied 
in this laboratory. Possibly some appreciable,  constant error, related to the 
per cent of body weight used in estimating C" activity of large masses such as 
muscle, skeleton, skin, and lymphoid tissue, is present under these experimental 
conditions. 
TABLE 12 
Total C  a Recovery---Abscess Experlmen~s 
.  Source of O' 
Plasma removed* 
Expired CO2 
Urine 
Red blood cells 
Pus from abscesses 
Tissues 
torsi recovery.. 
Per cent administered 
C  tt after intravenous 
injection 
Do r  51-173 
13.51 
27.24 
2.17 
0.15 
8.50 
33.50 
85.07 
12.20 
16.31 
4.46 
(2.0) 
(3.40) 
46.70 
85.07 
Per cent absorbed Ctt after 
oral ItdminiStt-~tioil 
Dog 
51-197 
1.90 
30.40 
13.70 
0.36 
3.86 
35.80 
Dog 
52-97 
"  3.00 
35.61 
(2.70)t 
1.22 
2.85 
37.60 
82.99  86.02 
2.10 
35.30 
1.65 
0.72 
3.40 
36.70 
79.87 
Figures in parentheses are estimated. 
* Blood samples plus perfusate or blood drained from tissues during autopsy. 
Owing to incontinence  while out of cage, this figure is too low. 
Red blood cells and pus  are  the  only items in Table  12  which  have  not 
already been referred to. About 4 per cent of the C" injected intravenously as 
labeled plasma proteins has been found after 7 days in the total red cell mass 
of normal dogs (13). The incorporation of C 14 into the red cells of dogs with 
sterile inflammation is markedly reduced to 0.15 per cent in dog 51-173  and to 
0.9 and 0.4 per cent respectively in comparable dogs 48-209and 51-22 not listed 
in this table. An estimate of 2 per cent was made for dog 52-29 in view of the 
relatively mild reaction produced by only 1 abscess. Caxbon-14 uptake by red 
cells is also  reduced after oral feeding to dogs with abscesses  (0.35  to  1.22 
per cent) but to a  slightly less extent than after intravenous injection  since 
the  normal  dog  under  these  conditions incorporates about  3  per  cent in  4 
days (13). 
Total C 14 lost in the inflammatory exudate after intravenous injection (Table YUILE,  LUCAS, 30NES,  CHAPIN, AND  WHIPPLE  191 
12) varied from about 3.4 per cent in dog 52-29 with 1 abscess to a maximum 
of 11.2 per cent in dog 51-22 (not listed). After oral feeding of labeled plasma 
or lysine, 0 4 in the exudate averaged about 3 per cent of the absorbed dose. 
There appeared to be some relationship between total C  u and volume of pus 
which ranged from 150 to 550 ml. The pus from 2 animals in the intravenous 
group, 51-22 and 51-173, was subjected to high speed centrifugation. The tur- 
bid, thin supernatant fluid so obtained from dog 51-22 accounted for 70 per 
cent of the total volume and contained about 78 per cent of the total activity. 
From dog 51-173,  85 per cent of the pus was supernatant fluid and contained 
75 per cent of the 0  4 activity. In sharp contrast to this, the cellular fraction 
of the exudate from dogs receiving labeled plasma or labeled lysine by mouth, 
amounting to about 30 per cent of the volume in each instance, accounted for 
from 50 to 60 per cent of the total activity. 
Packed cell  C  14 activity after intravenous labeled plasma was similar to or 
slightly higher than that in an equal amount of supernatant fluid, whereas, 
after oral administration the ratio of cell  to supernatant fluid activity in a 
given volume was 3 or 4 to 1. 
During the 4 or 5 days of pus collection, cell residue percentages remained 
relatively constant while C  u activity per milliliter of both cells and supernatant 
fluid tended to fall slightly after the 2nd day. In every case the trichloracetic 
acid precipitate  of supernatant  fluid contained all  or  almost all  of  the  C 14 
activity. 
DISCUSSION 
The  observations dealing with differences in intestinal  absorption  of  0  4  , 
dependent upon whether the isotope is fed incorporated in intact plasma pro- 
tein or in the amino acid lysine mixed with a casein digest, may possibly be of 
considerable practical importance in the treatment of patients suffering from 
inflammatory processes.  Interference with protein  digestion is  suggested  in 
these  dogs with  turpentine  abscesses  by  the  fact  that  delayed and  signifi- 
cantly reduced absorption is found after feeding intact proteins whereas ab- 
sorption is prompt and complete after feeding already digested protein frag- 
ments.  Both types of material are  completely absorbed by the normal dog 
(14).  While the above will be reflected in the over-all protein nutrition of ani- 
mals with sterile inflammation, independent and profound alterations in inter- 
nal protein metabolism also occur. 
Accelerated albumin  turnover  is  dearly indicated for 2  or 3  days in  those 
experiments  involving  administration  of  labeled  plasma  protein  by  vein. 
During this time interval, corresponding more or less with the height of the 
abscess reaction, the half-life of albumin is only 1.5 to 2 days compared with 
a  half-life of about 9 days for albumin in normal dogs on the same protein- 
free diet. This rapid fall in specific  0  4 activity which occurs without any ap- 192  INFLAMMATION  AND  PROTEIN METABOLISM 
preciable lowering of total albumin concentration indicates an equal increase 
in the rates of both production and utilization of this plasma protein fraction. 
In view of these findings it is possible that the low maximum levels of albumin 
C  14 activity found after feeding labeled plasma or lysine (Tables  7 and 8) are 
due to this markedly increased rate of turnover rather than to impaired synthe- 
sis. However,  diversion of some C14-1abeled dietary lysine to fibrinogen with 
reduced incorporation  into albumin cannot be excluded. 
The turnover of intravenously injected labeled globulin, on the other hand, 
appears  to be approximately the same in dogs with abscesses and in normal 
controls (Fig. B). Further evidence that globulin metabolism is relatively un- 
altered derives from the feeding experiments  in which oral C  ~4 is incorporated 
into plasma globulins other than fibrinogen in similar fashion in both abscess 
and controls animals. 
Fibrinogen  production and turnover are spectacular.  When an amino acid 
mixture with added labeled lysine is fed to these abscess dogs the C  ~ activity 
incorporated  into fibrinogen, gram for gram,  is many times greater than for 
any other circulating  protein.  This activity also disappears  rapidly from the 
fibrin and a half-life of 2 days or less is indicated.  No detectable activity ap- 
pears to be shifted from intravenously injected C~4-1abeled plasma protein into 
fibrinogen, newly formed by the recipient animal with turpentine abscess. 
Fibrinogen and albumin respond very actively in the presence of inflamma- 
tion. Production and utilization of both are much increased. This has not been 
appreciated  heretofore  in the case of  plasma albumin.  Fibrinogen  has been 
known as a  very labile protein reacting to inflammation usually with 2-  or 
even 4-fold increases.  Liver injury will reduce  the plasma  fibrinogen levels 
within 24 to 48 hours to ~  or even ~  of normal (1). 
Increased elimination of C  ~4 as C02 in the expired air due to sterile inflam- 
mation is noted. After intravenous injection of labeled plasma proteins,  C~402 
excretion is increased particularly during the first few days (Table 8 A). This 
corresponds closely to the period of accelerated  albumin turnover and maxi- 
mum fever as well as to the time before decline in fibrinogen  concentration 
and localization of the abscess. While direct relationships between these various 
phenomena are not established,  it is of interest that with at least 3 of  them 
there must be increased enzyme activity. 
After oral administration of labeled  plasma or amino acids  there is  also 
increased  C~40~ elimination which  occurs while absorption  from the gastro- 
intestinal tract is taking place. Here the increased oxidation is associated with 
rapid fibrinogen formation and possibly accelerated synthesis of other proteins. 
Urinary e~retion of C  14, at best a relatively unimportant mode of elimination 
in this type of experiment, is unaltered by the presence of sterile inflammation 
due to turpentine. 
The appearance  of C  14 in new red cells is much reduced  during periods  of 
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reduction is more marked than when the C  1' is given by mouth. Production 
of red cell hemoglobin is impaired under these conditions. 
The p~  from these sterile abscesses may contain as much C  14 activity as 
was found in the liver or more frequently about ~  this amount. In the intra- 
venous group about 75 per cent of the activity is present in the supernatant 
fluid, all  in  the  form of protein  or  at  least  trichloracetic  acid-precipitable 
material. When the C  14 is given by mouth, on the other hand, the pus cells 
contain the major part  (50  to 60  per  cent)  of the  activity. These  findings 
suggest that much of the supematant fluid activity is derived from the plasma 
by diffusion of proteins into the abscess area and that the activity from both 
absorbed amino acids and injected plasma protein is about equally available 
for incorporation into pus cells which are formed very promptly when needed. 
In the case of those animals with only the plasma proteins initially labeled, 
the additional C  ~4 lost through the lungs and diverted into the abscess area, 
amounting to between 12 and 25 per cent, can be almost completely accounted 
for  by  the  reduction  in  total  circulating  and  concomitant  extravascular, 
extraceUular protein activity. After 7 days, the total circulating C  14 in these 
experimental animals ranged between 8 and 13 per cent compared to 20 per 
cent in  the  normal  control.  While the over-all  transfer of C  ~4 from plasma 
to tissue proteins was very little impaired in this group of experiments, some 
relative shift in activity from less active tissues such as muscle to the more 
actively metabolic organs is noted (Table 11). 
The findings after feeding C  14 either in plasma protein or free lysine are on 
the contrary quite different. Under these conditions only 6 to l0 per cent more 
of the absorbed dose is lost in the expired air and pus by dogs with turpentine 
abscesses than by controls. This is more than covered by the reduced activity 
found in such tissues as skeletal and smooth muscle, skin and hair. In these 
tissue areas there is a  reduction in C ~4 content up to 35 per cent of the dose, 
whereas normal total and specific  C  t4 activity levels are maintained in the ac- 
tively metabolic and secretory organs (Tables  10 and  11).  In these animals 
also,  the total circulating plasma protein activity tends to fall at a  normal 
rate despite accelerated turnover of albumin and the fibrinogen component of 
the globulin fraction. These findings point to conservation and shifting of pro- 
tein from the peripheral tissues (muscle and skin) to the plasma and the more 
active organs (liver, kidney) in the absence of nitrogen intake and under the 
stress of sterile inflammation. It is of considerable interest that plasma protein 
concentrations and over-all nitrogen balance do not reflect the magnitude of 
these internal shifts. 
SUMMARY 
Carbon-14-1abeled  plasma  proteins  given  by mouth  to  dogs with  sterile 
abscesses  undergo  decreased  absorption,  presumably owing  to  impaired  di- 
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The turnover of plasma albumin is greatly accelerated but the globulins, 
excluding fibrinogen, show little change during the acute stage of the sterile 
inflammation. 
Fibrinogen shows very rapid production and utilization during acute inflam- 
mation. Large amounts of C  ~4 are incorporated in fibrinogen within a few hours 
after  ingestion of  the  labeled  material.  The  labeled fibrinogen largely dis- 
appears within 2 to 4 days after its production. 
The appearance of C  14 in new red cells from labeled protein or amino acid 
sources is reduced by inflammation  evidence of impaired synthesis. 
The pus of the sterile abscess contains a good deal of C ~4 activity which at 
times is as much as that found in the liver. Pus cell C 14 activity per milliliter 
is similar after injection of labeled plasma and ingestion of labeled plasma or 
lysine. However, the pus cell fraction contains 3 to 4 times more C  ~4 activity 
per milliliter than does the supernatant fluid when the isotope is fed. In the 
supernatant  fluid  the  activity  is  all  within  precipitable  protein,  much  of 
which is probably derived from the blood plasma. 
In spite of increased loss of C  14 as CO2 in the expired air and in the pus, there 
is evidence of conservation of protein-building materials for maintenance of 
new plasma proteins and tissue proteins in the more active organs (e.g. liver)-- 
a shift of protein C  14 from the less active tissues (muscle and skin). 
BIBLIOGRAPHY 
I. Foster, D. P., and Whipple, G. H., Am. J. Physiol., 1922, 58, 365, 407. 
2.  Gibson, J. G., 2nd, and Evelyn, K. A., J. Cli~t. Int., 1938, 17, 153. 
3.  Kearley, F. J., and Ingersoll, A. W., J. Am. Chem. Sot., 1951, 73, 5783. 
4.  Madden, S. C., Finch,  C. A., Swalbach, W.  G., and Whipple, G.  H., J. Exp. 
Med., 1940, 71, 283. 
5.  Madden, S. C., Winslow, P. M., Howland, J. W., and Whipple, G. H., J.  Exp. 
Med., 1937, 65, 431. 
6.  McNaught, J. B., Scott,  V.  C., Woods, F. M., and Whipple,  G. H.,  J. Exp. 
Med., 1936, 63, 277. 
7.  Miller, L. L., Bale, W. F., Yuile, C. L., Masters,  R.  E., Tishkoff, G. H., and 
Whipple, G. H., J. Exp. Med., 1949, 90, 297. 
8.  Myant, N. B., Cli~t. So.,  1952, 11, 191. 
9.  Olynk, P., Camp, D. B., Griffith, A. M., Woislawski, S., and Helmkamp, R. W., 
J. Org. Chem., 1948, 13, 465. 
10. Robscheit-Robbins, F. S., and Whipple, G. H, Y. Exp. Med., 1936, 63, 767. 
ll. Sterling, K., J. Clin. Inv., 1951, 30, 1228. 
12. Yuile, C. L., unpublished data. 
13. Yuile, C. L., Lamson, B. G., Miller, L. L., and Whipple, G. H., J. Exp.  Med., 
1951, 93, 539. 
14. Yuile, C. L., O'Dea,  A. E., Lucas, F. V., and Whipple, G. H.,  J. Exp. Med., 
1952,  96,  247. 